Objective: To determine the effectiveness of medical audit as a means of improving the use of intravenous thrombolytics in patients with suspected acute myocardial infarction.
INTRODUCTION
Since 1991, the UK health departments have provided considerable resources for the development and performance of medical audit [1] . However, doubts have been raised about the effectiveness and cost-effectiveness of audit in improving quality of care [2] [3] [4] . Similar uncertainties exist in other countries where audit has been undertaken for much longer [5] .
Most evaluations of audit have been conducted in the USA [6, 7] . Extrapolation of the results to the UK may be unwise, given the greater emphasis on cost-containment as a motivating force in the USA and the inappropriateness of some of their audit interventions in the UK context. Meanwhile, in the UK, there have been few rigorous attempts to evaluate audit [8] .
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Instead, there has been a reliance on surveys of the opinions of those responsible for managing and administering audit activities [9] [10] [11] . In addition, interpretation of the few research studies undertaken may be biased because evaluations with positive results are more likely to be published [12] . Finally, there has been no attempt to assess the possible adverse effects of audit if it leads to over-utilization of interventions in inappropriate cases.
Given the lack of knowledge of the value of audit in the UK, the aim of this study was to assess the effectiveness, cost-effectiveness and cost utility of a common medical audit topic in typical hospital settings. The way the topic (improving the use of intravenous thrombolytic therapy in patients with a suspected acute myocardial infarction (AMI)) was selected is described in the Methods section. At this point it is only necessary to mention that by 1991 there was widespread acceptance by physicians that intravenous thrombolytic therapy, together with oral aspirin, improved the outcome of patients suspected of having suffered an AMI if given within 24, and preferably six, hours of the onset (unless contraindications exist) [13] .
This paper describes the effectiveness of audit in improving the use of intravenous thrombolytics and explores the possibility of over-utilization occurring. Subsequent publications will describe the cost-effectiveness and cost-utility of the audit.
METHODS
Selection of hospitals
District general hospitals (there are 14 in North West Thames region) in which the physicians were neither opposed to audit nor already engaged in well-established audit activities, were identified by discussion with physicians (internists) in the region. Consultant physicians in four of the hospitals were invited to participate in auditing some aspect of the clinical management of patients admitted with chest pain of acute onset. One hospital declined (as it felt it would be a waste of time) and was replaced by another which met the entry criteria. In order to avoid the Hawthorne effect, a control hospital was not approached and data were not collected until the end of the study. The hospitals that participated were typical district general (non-teaching) hospitals with similar case mixes and having similar catchment populations.
Selection of topic
A retrospective case-note survey of 50 consecutive admissions for a suspected AMI, identified from the accident and emergency (A and E) register, was conducted in each hospital to test the feasibility of obtaining clinical data and to help identify a suitable topic for the audit. To be considered suitable for auditing, a topic had to: occur frequently; be of practical importance in terms of the outcome or the cost of treatment; be measurable retrospectively from case-notes; and be supported by a widely accepted body of scientific evidence. Four topics met these criteria: the use of diagnostic investigations; the use of intravenous thrombolytic therapy; discharge medication; and out-patient follow-up.
The topic was chosen at a meeting attended by a lead consultant from each hospital, where information on the current pattern of use of the four possible topics in each of the four hospitals, together with a review of the scientific literature, was presented. Having decided on the use of thrombolytic therapy as the audit subject, the physicians in all four hospitals agreed on a common set of criteria which denned good clinical practice (Table 1) .
Sampling frame for patients
The aim of the sampling strategy was to identify a consecutive series of emergency admissions of patients presenting with acute chest pain due to suspected AMI, irrespective of whether or not they were admitted to coronary or intensive care. As identification of cases had to be within one month of admission, use of the Hospital Episode System was not possible as it does not become available for several months at least. The basic sampling frame used in each hospital was the A and E register. All cases noted by the receptionist as presenting with chest pain, angina or AMI and who were subsequently admitted were included. During initial testing it became clear that this approach would have a low sensitivity, so the sampling frame was extended to include other cases from the A and E register and ward registers, where these were available.
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Case-notes were sought for all patients in the samples to identify the diagnosis or differential diagnosis recorded by the first member of the medical team to assess the patient. If there was no mention of AMI or ischaemic heart disease, the case was excluded from further consideration. In addition, the case-notes of other patients with a discharge diagnosis of AMI on the Hospital Episode System who had not been included in the audit sample were inspected to identify those which had been omitted from the sampling frame.
The positive predictive value and sensitivity of the sampling strategy were calculated for each hospital. Positive predictive value was defined as the proportion of cases identified from the A and E and ward registers which were eligible for thrombolysis; sensitivity as the proportion of all AMIs found on the Hospital Episode System which were included in the audit. duration of chest pain, ECG findings, diagnosis, contraindications to thrombolysis, ward of admission); timings (hospital arrival, ward admission, thrombolysis administration); and discharge diagnosis. The inter-rater reliability of the form was tested by two members of the research team (MBR and ET) abstracting 10 sets of case-notes in each hospital. Discrepancies were identified and discussed. After this initial testing, all case-note abstraction was undertaken by one person (ET).
Case definition
Cases were classified as: definite, a single definite diagnosis of AMI; likely, AMI was the most likely diagnosis; or possible, AMI was one of a number of possible diagnoses, on the basis of the initial diagnosis recorded or, when this was absent, by the history of chest pain and ECG findings. Definite and likely AMIs with no contra-indications together formed the group of patients considered eligible for thrombolysis, in line with the agreed criteria ( Table 1) .
All the classifications were undertaken by one person (MBR) applying a pre-defined algorithm to the abstracted data ( Fig. 1) (Table 3) . Cases which had not been eligible for thrombolysis, because of late presentation or contra-indications, were identified using the previously agreed criteria ( Table 1 ). The inter-rater reliability of the classification method was tested using ten consultants and five junior doctors from the participating hospitals. Ten cases were selected, including two whose classification had proved difficult. Photocopies of the admission notes (with personal identification removed) together with an instruction sheet, a copy of the classification algorithm and an answer form were sent to the participating doctors. The level of agreement was assessed using Cronbach's alpha [14] . The aggregate results were then considered as repeated observations from a single source and tested against the authors' categorization using kappa statistics [15] .
Case-note abstraction
The following factors were included in the case-note abstraction form: age and sex of patient; admission (source, mode of arrival); initial clerking (grade of doctor, character and
Audit cycles
Baseline data were collected from the casenotes of patients admitted during a two month period, up to a maximum of 50 consecutive cases, in each of the four study hospitals. The information obtained was presented by a member of the research team (MBR) at audit meetings in each hospital. The meetings were arranged as part of the usual programme of audit (monthly meetings at which a single topic was discussed) within general medicine and were chaired by one of the consultant physicians. A copy of the results was made available to the lead consultant for dissemination to staff unable to attend. Each meeting focused on the results for that particular hospital. In addition an anonymized comparison of the four study hospitals was included.
At the first meeting in each hospital, the doctors were asked to set explicit standards for the proportions of patients with definite, likely and possible AMIs who should receive thrombolysis. The baseline audit was followed by three further audit cycles, each of about four months duration (Fig. 2) . Each cycle consisted of a period of observation, data collection, a feedback meeting, and subsequent intervention if Evaluation of the effectiveness of guidelines, audit and feedback 215 any were judged to be necessary. The same procedure was adopted in each hospital. The observation periods began on the same date in each hospital but the length varied to allow 50 consecutive patients in each hospital to be included. At each feedback meeting, the standards were reviewed in the light of the observed results. Participants were also asked what, if any, intervention should be made to encourage a change in practice before the next round of observation. In addition, junior medical staff made brief presentations of those cases which had apparently been eligible for, but had not received thrombolysis.
Once the final audits had been conducted in the four study hospitals, data were collected from the control hospital. Samples of patients were drawn in the same way and for each of the same time periods as had been used in the study hospitals.
Analysis of effectiveness and appropriateness
Effectiveness was gauged from trends in the rate of treatment of eligible cases over time. Overall significance in each hospital was assessed using chi-squared for linear trend, and differences between adjacent audits by simple comparisons of proportions.
To assess appropriateness, all eligible cases, including possible AMIs, were classified into three groups using the diagnosis recorded on the discharge summary: confirmed AMI; non-AMI; and other (?AMI, small AMI or no diagnosis). The extent of over-treatment was gauged by the proportion of non-AMIs which had received thrombolysis in each audit. To produce a single measure which incorporated both under and over treatment, an index of appropriateness was calculated as follows: % of confirmed AMIs given thrombolytics x (1 -% non-AMIs given thrombolytics).
RESULTS
Sampling frame
Compared with the number of confirmed AMIs recorded as discharge diagnoses on the Hospital Episode System, the audits included 82-94% of cases in the study hospitals and 77% in the control hospital (Table 2 ). In contrast, the positive predictive value of the sampling strategy was low. Of 2456 patients identified and whose case notes were found, only 482 (19%) were actually eligible for thrombolysis (though the proportion was higher in the four study hospitals, ranging from 81/341 (24%) to 90/243 (38%), compared to the control 96/1367 (8%) because of differences in the sampling frame). In the other 1974 cases, many of which were nonspecific or general practitioner referrals, AMI was not mentioned in the initial clerking (1164), was a possible diagnosis (729) or a contraindication to the use of thrombolytic therapy existed (81). It was initially intended to include at least 50 consecutive cases in each audit. In practice, the incidence of eligible cases was lower than expected and collecting 50 cases would have required 11-17 weeks, a period incompatible with the aim of providing feedback every four months. Table 3 shows the distribution of opinions of the 15 raters for the 10 test cases. The crude coefficient for reliability (Cronbach's alpha) was 0.83. Adjusted to give standardized variance for each rater, it was 0.95. When the aggregated results were tested against that used in the study, there were significant levels of agreement for cases classified as definite and possible -87.06 and 72% of responses agreeing with the study classification. However, for the six cases classified as possible there were two for which the level of agreement was only 50%, not significantly different from the 33% expected by chance. The cases classified as likely showed no significant degree of agreement, with a high proportion of the raters classifying them as only possible AMIs.
Reliability of diagnostic classification
Subsidiary analysis showed no differences in the extent of agreement by grade or hospital of the rater, although small numbers meant that the power to detect such differences was limited.
Standard setting
The baseline audits revealed only 54% of patients with a definite or likely AMI (including those with a contra-indication) had received intravenous thrombolytics in the five hospitals. In four hospitals the proportions were similar (39-50%), in Hospital 1 it was 89%. Table 4 shows the proportion of all suspected infarctions, including those with contra-indications, and the initial standards set by the study hospitals in response. Hospitals 1 and 3 set a standard for patients without definite contraindications, their standards were therefore not 
•Technical standard i.e., proportion of cases without contra-indications rather than proportion of whole group. Extra audit meeting to examine individual cases after second audit.Revision and recirculation of "policy for use of thrombolytic agents" originally agreed before study began.
directly comparable to those set by Hospitals 2 and 4, which included all cases regardless of contra-indications. For infarctions classified as definite there was general agreement that all eligible patients should receive thrombolysis. There was, however, a wide divergence for AMIs classified as likely. Doctors in Hospital 2 set a standard which was lower than the initial observation, though this had been based on only seven cases. There was a consensus that infarctions classified as possible should not be treated. Table 5 summarizes the interventions made by the hospitals to ensure that standards would be achieved. After the baseline audit, Hospital 4 considered that no intervention was necessary despite higher treatment rates having been observed elsewhere. The other three study hospitals issued written material to junior staff. The scope of this material varied from a narrow focus on the use of thrombolysis itself (Hospital 2) to wide-ranging advice on all aspects of management including patient education (Hospital 1). Written material was supplemented by other activities, such as holding an extra meeting to examine specific cases where thrombolysis had not been given (Hospital 4) and using a data collection form to clarify the initial diagnosis (Hospital 3). Apart from one period at Hospital 4, feedback of information alone was not regarded as sufficient to ensure standards would be met.
Audit interventions
Effectiveness
The time trends in each hospital showed three different patterns (Table 6 and Fig. 3 ): baseline at a relatively high level and no significant change in subsequent audits (Hospital 1); low baseline with substantial improvement in second and subsequent audits, significant when considered as an overall trend Hospital 2 (p = 0.02) and Hospital 3 (p<0.01); low baseline with a more uniform but non-significant improvement over time (Hospital 4 and control hospital).
In view of concerns about the reliability of categorizing cases as likely AMIs, analyses of effectiveness were repeated in which all such cases were reclassified as possible AMIs (Table  7 ). An increase over time in the proportion treated was still apparent in three of the study hospitals although the trend was significant in only one (Hospital 3). In Hospital 1 the deterioration over time reached statistical significance. The trend in the control hospital remained non-significant. Table 8 shows the thrombolysis rate in each audit, separately for confirmed AMIs and nonAMIs. Correlation between the two variables was significant (r2 = 0.19; p = 0.05) (Fig. 4) . Time trends for the overall appropriateness index, which combined the two variables, are shown in Figure 3 . In four of the hospitals the direction of the initial trend in the index and in the proportion of eligible cases treated was the same. In the fifth (Hospital 4) the proportion treated increased but the index showed little change.
Appropriateness
In all four study hospitals, the appropriateness index started to fall when audit was performed in the presence of a high proportion of patients being treated. This occurred following the third audit cycles in three of the hospitals Hospital 2 (83%), Hospital 3 (95%), and Hospital 4 (89%). In Hospital 1, in which the initial treatment proportion was high (94%), the appropriateness index fell immediately. In the control hospital, a high treatment proportion was never reached.
DISCUSSION
This study differs from previous reports on the impact of audit on the use of thrombolysis [16] [17] [18] [19] in several respects: it was concerned with the extent of use rather than the punctuality of administration; the audit cycle was completed several times rather than only once; the same topic was audited in the same way in four comparable hospitals concurrently; the evaluation was carried out by investigators who were not involved in the delivery of the care being audited; and the appropriateness of thrombolysis was considered in addition to its uptake. Although these features make direct comparison with other studies difficult, they allow consideration of several aspects of the effectiveness of audit which have not previously been considered.
The most important finding was that the impact of audit may vary between different settings: the proportion of eligible patients receiving thrombolytics may either rise significantly (Hospitals 2 and 3) or show no significant improvement, either because most eligible cases are already being treated (Hospital 1) or, in our opinion, because of complacency and a lack of support for audit (Hospital 4). Although the use of thrombolytics improved in the control hospital over the same period, the increase was not statistically significant and was less than in Hospitals 2 and 3.
The second key finding was the impact of audit on the appropriateness of care. The appropriateness index took into account the extent to which patients without AMI were given thrombolysis, in addition to the completeness of treatment of those in whom AMI was confirmed. This was possible because the sampling frame included all suspected infarctions and was not limited to those who were treated or in whom the diagnosis was confirmed, as in previous reports [20] . A significant association was demonstrated between high rates of treatment of confirmed infarctions (a desirable outcome) and high rates of treatment of non-infarctions (an undesirable outcome). To some extent this is unavoidable because an accurate diagnosis may not be possible at the time a decision on the use of thrombolysis must be made [21] . The significance of the association is that improvements in the quality of one aspect of care may be counteracted by adverse effects elsewhere. This is the first time the possible harmful effects of audit have been demonstrated.
The third main finding was the considerable methodological difficulties involved in evaluating the effectiveness of audit. These concerned: the timing of the audit; the completeness of the sampling frame; the sensitivity and positive predictive value of the samples; the reliability of diagnostic classification; and the calculation of effectiveness.
The timing of the study (1991-92) meant that the participants had little experience of audit. On the one hand this may have exaggerated the effectiveness of audit because the novelty value may have increased the level of interest, on the other hand inexperience of conducting peer review meetings and responding to results may have diminished it. Judging the optimum timing for evaluation of a new intervention is a wellrecognized problem in health care research.
One of the main problems that audits based on case-notes have suffered has been the difficulty of finding a significant proportion of the notes [22] . We overcame this (95% retrieval) by repeated searches of the medical records departments and other places within each hospital where notes are prone to accumulate. Despite this, the audit samples included only 86% of patients presenting with a suspected AMI according to the Hospital Episode System database. However, the sensitivity of the sampling method would have to have varied significantly between hospitals and between audit cycles for it to have had a significant impact on the results. There is no evidence that it did. In addition, the treatment rate amongst undetected cases would have to have differed systematically from those detected. Meanwhile, the rather low positive predictive value (overall 19%) presented practical problems for data collection, but did not influence the results.
The reliability tests supported the suspicion of some participating clinicians that the results might have been effected by diagnostic classification errors. Some cases, such as definite, and possible AMIs were classified consistently. These, however, were the least influential as regards assessing the quality of care the hospitals provided because the former were almost always treated in all hospitals and the latter were usually never treated. It was the likely cases that were least reliably classified and for whom physicians varied in their opinion as to whether or not they should be treated. While reclassification of likely AMIs did not change the direction of the observed trends, it did alter the probabilities of their chance occurrence (Table 7) . Further work on the classification of cases on presentation is needed, if small changes in the quality of initial care are to be reliably measured.
Further insight into the effect of classification errors is provided by comparing trends in treatment rates with trends in the appropriateness index, as the latter did not depend on the initial diagnosis. Comparison revealed very similar trends until high treatment rates were achieved, suggesting that classification errors were probably random rather than systematic in their direction.
Effectiveness was calculated using a fairly simple method in which confidence limits could not be derived. Although all four audit results were used in tests of statistical significance, estimation of the size of the effect relied on comparing the first and last observations and failed to take into account the increase in treatment rate which could be expected without audit (the control hospital). These limitations could be overcome by modelling the data using logistic regression, a necessary step to calculating cost-effectiveness and one that will be reported in a subsequent paper on economic evaluation of audit. For consideration of the effectiveness of audit, however, the greater complexity of analysis adds little to the findings reported here and has therefore been omitted.
